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| INTRODUCTION
Esophageal cancer, ranking as the sixth most common cause of cancer-related deaths, is termed a major global cancer burden. 1 In China, esophageal cancer accounted for 477 900 incident cases and 375 000 deaths in 2015, 2 about 90% of which fall under the category of esophageal squamous cell carcinoma (ESCC). 3 Despite improvements in diagnostics and therapeutics, the prognosis of ESCC remains poor, with a median 5-year survival of <25%, 4 thus lending to an urgent need to resolve the molecular mechanism of ESCC in order to develop biomarkers and targeted therapies. CD47, also known as integrin-associated protein (IAP), is a transmembrane protein of the immunoglobulin superfamily. Cancer cells expressing CD47 transmit a "don't eat me" signal upon interacting with signal regulatory protein α on the surface of macrophages to deter phagocytosis. 5 Previous studies have shown that CD47 is highly expressed on solid tumors such as in ovarian, breast, colon, bladder, glioblastoma, hepatocellular carcinoma and prostate cancer, 6 and correlated with poorer prognoses in several cancer types including ESCC. [6] [7] [8] Furthermore, anti-CD47 antibody or CD47
blockade treatments have been demonstrated to enhance macrophage phagocytosis, reduce tumor burden, and increase patient survival in various tumor xenograft models. 9 Increasing evidence denotes a minority population of cells within tumors, termed cancer stem cells (CSCs), as critical determinants in cancer recurrence, metastasis, and therapy resistance. 10 CSCs have been identified by several cell surface markers, such as CD133, 11 CD44, 12 and CD90. 13 However, neutralizing antibodies against these markers have proven insufficient in eradicating CSCs in preclinical studies, and identification of new therapeutic targets against CSCs is necessary. Preferentially, CD47 was proven to be expressed in CSCs of pancreatic, 14 liver, 15 and lung cancers 16 in these years. Knockdown of CD47 suppressed certain stem-like properties of cancer cells, such as self-renewal and chemoresistance, [14] [15] [16] [17] suggesting that targeting CD47
could not only active the phagocytosis of macrophages, but also be refined into a potent supplement in treatment against CSCs. Up until now, no study dedicated to clarifying the association between CD47 expression and CSCs characteristics in ESCC exists.
In this study, we demonstrated that increased CD47 protein levels in ESCC clinical samples correlated with the expression of CD133, which is the most robust CSCs marker. A combination of CD47 and CD133 improved prognostic stratification of ESCC survival. Furthermore, inhibition of CD47 by a neutralizing antibody suppressed the selfrenewal function in CD133 + ESCC cells, thereby making The IHC H-scores are shown as a symbol-line plot from at least two independent pathologists. Differences were assessed with a paired two-tailed t test the case for CD47 being a promising therapeutic target for ESCC CSCs.
| MATERIALS AND METHODS

| Patients and surgical specimens
We randomly enrolled 136 patients diagnosed with ESCC who underwent esophagectomy at the Sun Yat-sen University Cancer Center between 2002 and 2009, and additionally collected paired tumor and adjacent tumor tissues from 26 patients. Clinicopathological parameters were obtained from medical records. None of the patients underwent anti-cancer therapies before surgery, and no histologically confirmed serious complications or other malignant diseases had been reported. Tumor stages were determined according to the classification system of the Union for International Cancer Control (UICC), 7th Edition, while grading and histopathology subtyping for tumor differentiation was based on World Health Organization criteria. According to UICC, the ≥66% extent of invasion depth was defined as tumor infiltration exceeding the intrinsic muscularis. Data were censored at the last follow-up for patients without recurrence or death. Overall survival (OS) was defined as the date of surgery to death or the last follow-up. Progression-free survival (PFS) was the interval between surgery and recurrence, the last observation for patients without recurrence, or death if no recurrence was observed.
| Immunohistochemistry
Immunohistochemistry (IHC) was performed using protocols described in a previous study. 18, 19 Formalin-fixed 10 hours at room temperature,paraffin-embedded tissues were cut into 4-μm sections and then sequentially dried, dewaxed, and re-hydrated with xylene and a decreasing ethanol series. The slides were soaked in 0.3% H 2 O 2 for 10 minutes to block endogenous peroxidase activity and boiled in 10 mmol/L citrate buffer (pH6.0) for 10 minutes for antigen retrieval. Figure S2 .
| Sphere formation and antibody block assay
The CSCs sorting were performed using the method described by Lonardo et al with minor modifications. 20 Fresh ESCC tissues were cut into fine crumbles and digested 30 minutes in 37°C by 50 μg/mL collagenase. Cells were obtained after filtering the digestion products and adjusted to a concentration of 10 6 cells/ mL in sorting buffer (1× PBS). Spheres were formed via culturing 3 × 10 3 primary ESCC cells, obtained from flow cytometer (Gallios, AV28109, California, USA) using CD133-FITC (Miltenyi Biotec, 130104322, Cologne, Germany) and CD47-PE (Biolegend, 323108, San Diego, CA) after staining (in 1× PBS 30 μL) at room temperature for 30 minutes. The media of serum-free DMEM/F12 had to contain certain key component supplementing with B27 (1:50; Invitrogen, Carlsbad, California, USA), 20 ng/mL epidermal growth factor (EGF; 1:5000; R&D Systems), 20 ng/mL basic fibroblast growth factor (bFGF; 1:5000; R&D Systems) for a total of 7 days, allowing spheres to reach a size of >70 mm. For subsequent passaging, mature spheres, filter through 40-μm cell strainers, were dissociated into single cells, and then recultured in media with anti-CD47 (2 μg/mL; R&D systems, AF4670) or anti-IgG control antibody (2 μg/mL; R&D, 5-001-A) for another 7 days. 3 | RESULTS
| Statistical analysis
| CD47/CD133 is expressed at higher levels in ESCC compared with adjacent nontumor tissues
CD47 displayed clear membrane staining in 26 ESCC specimens through IHC staining, but barely any staining in adjacent esophagus cells with the exception of epidermal basal layer cells ( Figure 1A ), which are known for possessing a strong ability to divide. CD47 expression, quantified by the IHC H-score, was significantly stronger in tumor tissues compared with the adjacent non-tumor tissues (P < 0.0001; Figure 1C ). Similarly, esophagus cells all stained negatively or minimally in adjacent noncancerous regions for CD133 ( Figure 1B) , whereas staining was often increased in the tumor (P = 0.011, Figure 1D ). 
| CD47 and CD133 expression and their correlation with clinicopathological characteristics
We summarized the clinicopathological features of 136 ESCC patients in Table 1 . The median follow-up was 43 months (range from 1.6 to 130 months). During the follow-up period, 75 patients (50.7%) died and 88 (59.5%) patients suffered from tumor progression, with the median OS and PFS being 44 and 32 months. Based on their CD47 and CD133 expression level, the patients were divided into groups following the cut-off value (125 and 20, respectively) as inferred from the receiver operating characteristic (ROC) curve. We further analyzed the relationship between the patients' CD47 and CD133 status and clinicopathological characteristics. Table 2 shows that expressions of CD47/CD133 and histological differentiation, recurrence and vital status were obviously correlated. Patients with poor differentiation tended toward a stronger expression of CD47 or CD133 (Figure  2A-C) . Furthermore, a positive correlation existed between CD47 and CD133 expression (r = 0.531, P < 0.0001, Figure  2D) 
| High CD47 and CD133 expression in tumor cells predicts poor prognosis
The relationship between the expression of CD47/CD133 and patients' survival was investigated. Kaplan-Meier survival curves and a log-rank test were conducted, certifying that patients with high CD47 expression had shorter OS (P = 0.0006, Figure 3A ) and PFS (P = 0.001, Figure 3B) . Similarly, high CD133 indicated worse OS (P = 0.012, Figure 3C ) and PFS (P = 0.011, Figure 3D ) than patients with low expression. These results demonstrate that both CD47 and CD133 are effective predictors of prognosis in ESCC patients. Patients with higher CD47 (n = 57) expression have shorter overall survival (OS) and progression-free survival (PFS) than whom in lower group (n = 75). (C, D) Compared with patients in low CD133 expression (n = 63), higher expression of CD133 (n = 72) is positively correlated with poor OS and PFS. (E, F) Higher stemness index (n = 34) predicts poor OS and PFS than stemness index "0" group (n = 45). The OS and RFS curves were generated by the Kaplan-Meier method and analyzed using the log-rank test To assess whether CD47 or CD133 could be utilized as an independent indicator of OS/PFS, we performed a multivariate Cox proportional hazards analysis. As illustrated in Table  3 , CD47/CD133 expression was associated with an increased risk of tumor progression in ESCC patients.
| Prognostic significance of the stemness index in ESCC
CD47 and CD133 serve important roles in maintaining CSCs. Our findings indicate CD47 or CD133 expression presents a valuable independent factor in predicting the OS of ESCC. As such, we took a further step to combine CD47 and CD133 expression statistics into a stemness index to assess their effects in ESCC. Three groups were classified: Group 0, with low CD47 and low CD133; 1, low CD47 and high CD133 or high CD47 and low CD133; and 2, high CD47 and high CD133. Kaplan-Meier analysis showed that patients in the 0 group exhibited the best OS P = 0.0006, Figure 3E and PFS P < 0.0001, Figure 3F compared with 1 and 2, while the stemness index for 2 was correlated with poor survival. Furthermore, a multivariate Cox analysis (Table 4) determined the stemness index as an independent prognostic factor for both OS and PFS in ESCC patients. 
T A B L E 3 Univariate and multivariate analysis of factors associated with survival and recurrence
| ESCC CSCs' confinement to
CD47 + cells and the potential therapeutic significance of anti-CD47
Given our data's indication that CD47 is correlated with the differentiation of ESCC cells, we further aimed to explore whether CD47 + CD133
+ cancer cells were more stem-like.
We FACSorted primary ESCC cells from 6 patients for CD47 or CD133 and surveyed their self-renewal capacity by sphere formation assay. We estimated the proportion of CD47 + cells in the CD133 + subpopulation, and as demonstrated in Figure S1A . Also, the most of CD133 + cells coexpressed CD47 at an approximate percentage of 89%-93% ( Figure S1B ). To further assess the CD47 characteristic in the ESCC CSCs, we first FACSorted primary ESCC cells for CD47 + and CD133 + , then sorted four subpopulations based on their expressions intensity. We observed that more significantly larger spheres were formed by CD47 + cells than those by CD47 -cells ( Figure 4A ). It indicated CD47 + cells are evidently enriched in CSCs and CD47 + CD133 + cells distinctly possess with the strongest sphere formation capacity ( Figure 4B ). Furthermore, we confirmed that in contrast with the isotype-matched IgG antibody treatment control cells, ESCCs cells treated with the human CD47 blocking antibody displayed effectively reduced sphere formation capacity in CD133 + cells ( Figure 4C ). Taken together, all these turn out that anti-CD47 treatment had in fact eliminated the CSCs pool. 
| DISCUSSION
In the present study, we investigated the expression and prognostic potential of two important CSCs associated proteins, CD47 and CD133, and explored the potential therapeutic effect of anti-CD47 treatment in ESCC. We found that they were both upregulated in primary ESCC patient samples, albeit to differing degrees. CD47 and CD133 correlated with poor prognosis, and the stemness index, a combination of CD47 and CD133, was an independent prognostic factor in ESCC for OS and PFS. Moreover, CD47 + cells were more "stem-like" and anti-CD47 treatment reduced the size and ratio of sphere formation in CD133 + ESCC cells.
Treatments with the inhibition of regulatory signals that are centrally relevant to CSCs capacity currently proved promising. 10, 20 However, in preclinical studies, neutralizing antibodies against existing stemness markers have been proven insufficient for eradicating CSCs, likely due to the exceedingly heterogeneous genetic transcriptional response of cancer entailing larger populations of cells, which are resistant to single-pathway targeting. 15 Moreover, recent research has revealed that cancer stemness is partly defined by immune environmental cues. 21 Thus, targeting CSCs based on broader immune therapeutics methods may be a more potent alternative for wiping out these thorny cells. Growing evidence suggests that CD47 is required for the evasion of both innate 5, 22 and adaptive 23, 24 immune attacks and is verified to be preferentially overexpressed in CSCs, and we have pondered the possibility of CD47 being the sally port to ultimately eliminating CSCs. But CD47 seems not to be a perfect surrogate marker of CSCs, because of its high expression in majority cancer cells, including non-CSCs, restricts the real enrichment CSCs numbers in CD47 + cells.
Therefore, the combination of other CSCs markers would be required. Unlike CD47, which was strongly expressed in major neoplastic tissues, CD133 was slightly or moderately overexpressed in our data. A series of epitopes have been used as markers for identifying CSCs such as CD133, CD44, and CD90. More importantly, a recent study by Cheung et al 11 identified CD133, but not CD90 or CD44, as a functional and targetable CSCs marker for ESCC. Therefore, we focused on assessing the stemness index prognosis power as determined by the combined expression of CD47 and CD133, utilized CD133 to make up for the lack of sensitivity of CD47 as a CSCs marker, and evaluated whether anti-CD47 therapy could ably reduce the percentage of CSCs. A number of previous studies exist on the identification and prognostic power of CD133 expression and other CSCs marker combinations. Allied expression of CD133 with CD15, CD44, aldehyde dehydrogenase or adenosine triphosphate-binding cassette superfamily G member 2 has been suggested as a helpful tool in identifying putative CSCs and predicting the prognosis of patients. [25] [26] [27] [28] [29] However, these combination strategies have yet to translate to expedient treatment. As the main objective in CSC research is to devise new means to effectively and selectively eliminate CSCs, 30 our present work is focused on the combination of CD47 and CD133 as a potential predictor for ESCC patients, to further distinguish CSCs, and ultimately eliminating these malignant cells. Our data present first-hand evidence for the correlation between concomitant high CD47-CD133 expression and poor survival, as well as for CD47 + CD133 + being an appropriate indicator to separate ESCC CSCs. CD47 and CD133 were both proposed as potential predictors for CSCs. CD47, which has been identified as a "don't eat me" signal to the immune system, is more highly expressed on CSCs of diverse origin, both in hematological and solid tumors. In our current study, CSCs from ESCC displayed a profound defect of sphere formation capacity by neutralizing CD47. What's more, one proposed function of CD47 is to protect the CSCs from phagocytic clearance by macrophages. CD47 + CD133 + CSCs may possess stronger self-protection capability. 6, 9, 29, 30 In ovarian, breast and pancreatic cancers, blockade CD47 signaling making CSCs more susceptible to be eliminated by macrophages. 15, 17 All observations above suggest that CD47 can be a potential target for removing CSCs, thus preventing tumor relapse post-conventional cytoreductive therapies. However, before CD47-centered therapeutic approaches entering the clinical arena, the underlying mechanisms that regulate CD47 expression on CSCs must be addressed in the future. A Recent study has shown that, when exposed to hypoxic microenvironment, breast cancer cells increased their CD47 expression and in favor of a CSC-like phenotype, which mediated by a direct binding of HIF-1α to the CD47 promoter.
[33] The Data from Shigemasa S et.al shows that CD47 is regulated by miR-133a which probably function as a tumor suppressor. 7 Our study provides preliminary proof that CD47 blockade may improve CSC eradicating strategy, while whether other novel and effective mechanisms exist merits further investigation.
| CONCLUSIONS
We have uncovered that CD47 and CD133 are overexpressed in ESCC tissues, especially in poor differentiation tumors. CD133 + CD47 + ESCC cells are found to possess the characteristics of CSCs. Inhibiting CD47 was an effective method of suppressing tumor stemness even at high levels in CD133 + cells. Although further mechanistic studies are still required for collation, our data presentedthrough combining CD47 and CD133 expression-the tumor stemness index as an independent prognostic factor for both OS and PFS. In the future, treatment and diagnosis based on the concomitant high CD47-CD133 expression in ESCC may yet comprise a promising strategy.
